Chitosan-silica prepared by sol-gel method was used for adsorption of M(II) (M = Mn 2+ , Cu 2+ , Zn 2+ ) in solution at room temperature. The prepared chitosan-silica was characterized by Fourier Transform Infrared (FTIR) and Scanning Electron Microscopy (SEM). Effect of pH of the metal solution and adsorption contact time toward the adsorption capacity were investigated. The correlation between M(II) concentrations and the adsorption capacity, which was determined at optimum pH and optimum adsorption contact time, is also discussed. FTIR and SEM results are identical to that of chitosan-silica reported previously. Chitosan-silica performs the highest adsorption capacity for Cu 2+ , Mn 2+ , and Zn 2+ , successively. The optimum pH for Mn 2+ , Cu 2+ and Zn 2+ adsorptions were obtained at pH 5. It is suggested that due to the combination of ionic size and HSAB concept, Cu 2+ gives the highest adsorption capacity than that of Mn 2+ and Zn 2+ . The optimum contact time for Mn 2+ and Cu 2+ adsorption was obtained at 75 minutes with adsorption capacities of 6.56 ± 0.04 mg/g and 15.46 ± 0.02 mg/g, respectively, whereas Zn 2+ adsorption was obtained at 60 minutes with an adsorption capacity of 5.01 ± 0.12 mg/g.
INTRODUCTION
Chitin, which mainly extracted from the skins of crustaceans and molluscs, is the second most abundant natural biopolymer. Chitin can be transformed into chitosan by deacetylation process. The conversion of chitin into chitosan make this renewable biomaterial have better versatility due to its solubility. Chitosan is insoluble in water but soluble in organic acids. 1 Chitosan, polymeric (2-amino-2-deoxy-β-(1,4)-Dglucopyranose, is copolymer of a (1,4)-glucosamine (C 6 H 11 O 4 N) n that has different number of N-acetyl group. 2 Chitosan can also be considered as a linear polyamine with reactive amino (-NH 2 ) groups and some reactive hydroxyl (-OH) groups, thus it has chelating ability for transition metal ions. 3 Chitin and chitosan ( Fig.1 ) have many applications and were widely utilized. Particularly as an adsorbent in the separation technologies, chitosan has been widely explored for adsorption of metal ions, dyes, and other organic pollutants in the solution due to its chelating ability and functional groups. 4 Although chitosan can be used directly, some researchers prefer to modify it through the glucosamine unit to enhance its adsorption capacity and recovery. Each modification has its own characteristic and was made for certain purposes. Kyzas and Bikiaris summarised published studies (during 2012-2014) of modified chitosan for adsorption of dyes and metal ions including their adsorption capacity. 5 There are two main modifications of chitosan, namely by grafting (functional group insertion) or by cross-linking reaction (combining with the macromolecular unit), such as zeolite, [6] [7] polyvinyl alcohol, 8 graphite oxide, 9 alumina, 10 3,4,5-trihydroxy benzoic acid, 11 trimethylamine sulphur trioxide, 12 silica, [13] [14] [15] cellulose acetate 16 etc. Many of these modifications resulting in adsorbent with better adsorption capacity and durability in extreme conditions. In this study, we are utilizing chitosan modified with silica made by sol-gel method for adsorption of transition metal ions in the solution. Silica is a good adsorbent for metal ions due to its cross-linking Si-O-Si structure. Silica is abundant natural resources, relatively harmless and can be prepared from a range of silica rich-natural resources, such as mud and rice husk. [17] [18] [19] Synthesis and properties of chitosan-silica was reported several times, including their adsorption for metal ions. 13, 15, [17] [18] [19] [20] [21] However, their adsorption studies, specifically for first-row transition metal ions (except Zn(II) reported by Mahatmanti 19 ) have not been explored intensively, hence we decided to focus on these metal ions. Particularly, Mn 2+ , Cu 2+ , and Zn 2+ were chosen to represent the first-row transition metal because these metal ions are frequently found in the aquatic system and produced as industrial waste. These three ions also have different chemical properties hence studying these three ions will give a general overview of the adsorption study of the first-row transition metals. Although the ionic radius of Mn 2+ , Cu 2+ , and Zn 2+ are insignificantly different (70, 73, and 74 pm, respectively 22 ), these ions have a different level of softness/hardness. Based on Hard Soft Acid-Base (HSAB) concepts theorised by Pearson, Mn 2+ is grouped as a hard acid, Cu 2+ is a borderline acid, and Zn 2+ is a soft acid. 23 Different level of softness influence the interaction strength between the metal ion (act as acid) and the adsorbent functional groups (act as a base). These ions are very soluble in aqueous solution and can be precipitated as their hydroxide in different pH (Ksp Mn(OH) 2 = 2 x 10 -13 , Cu(OH) 2 = 2 x 10 -19 , Zn(OH) 2 = 5 x 10 -17 ). 22 In addition, Mn 2+ tends to form octahedral complexes, whereas Cu 2+ , Zn 2+ , respectively, are more likely forming complex compounds with lower coordination numbers, such as square planar or tetrahedral. In order to optimize the chitosan-silica adsorption capacity and durability in extreme condition so that it can be applied for an actual sample and real situation, influential factors such as pH, contact time, adsorbent and/or metal ion concentrations, temperature, etc. should be incorporated and investigated. The works reported here is an initial stage of the development of chitosan-silica for transition metal ions adsorbent, in which the optimization was based on the pH of the metal ion solution and contact time. Both factors are crucial in the first stage of adsorption studies and will give basic information and hints for the remaining stages.
EXPERIMENTAL Materials
MnCl 2 , CuCl 2 ·2H 2 O, ZnCl 2 , CH 3 COOH, HCl, NaOH, chitosan, and Na 2 SiO 3 6% (ρ = 1.35 g/mL) were used without further purification and were all obtained from Merck.
Preparation and Characterization of Chitosan-Silica
Chitosan (1 g) was dissolved in 80 mL of CH 3 COOH 2% ( v / v ). The solution was added with 100 mL Na 2 SiO 3 6% ( v / v ) while stirring. The formed sol-gel was dried in an oven at 105 °C for 30 min. The solgel then washed with distilled water (up to pH that equal to the pH of distilled water). After that, the solgel was placed back in the oven and dried at 105 °C for several hours, then it was cooled down to room temperature. Next, the dried chitosan-silica was ground in a mortar and sieved using a 200-mesh size resulting in a fine powder (yield = 2.83 g). The powder then characterized by Fourier Transform Infrared (FTIR) and Scanning Electron Microscopy (SEM).
ADSORPTION OF M(II)
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Determination of Optimum pH
Series of Mn 2+ , Cu 2+ , and Zn 2+ solutions (40 ppm, 25 mL) in various pH (3, 4, 5, 6) were prepared in a 100 mL Erlenmeyer flask. Into each solution, 0.1 g chitosan-silica was added and the solution was shaken using automatic shaker at room temperature for 30 minutes with a rate of 125 rpm. Next, the solution was filtrated using Whatman paper no 41. A 1 mL filtrate was transferred and diluted with water into 10 mL in a volumetric flask. This solution is then used for Atomic Adsorption Spectrophotometry (AAS) analysis to determine the concentration of the metal ion after adsorption. This procedure was performed three times for each pH. The optimum pH was determined based on the pH that gives the highest adsorption percentage. The optimum pH was then used in the next stage.
Determination of Optimum Adsorption Contact Time
Series of Mn 2+ , Cu 2+ , and Zn 2+ solutions (40 ppm, 25 mL) at optimum pH were prepared in a 100 mL Erlenmeyer flask. Into each solution, 0.1 g chitosan-silica was added and the solution was shaken using automatic shaker at room temperature with the rate of 125 rpm in various contact time (15, 30, 60 , and 75 minutes). The 30 min contact time data was obtained from the determination of pH optimum (previous stage). Next, the solution was filtrated using Whatman paper no 41. A 1 mL filtrate was transferred and diluted with water into 10 mL in a volumetric flask. This solution is then used for AAS analysis to determine the concentration of the metal ion after adsorption. This procedure was performed three times for each contact time. The optimum adsorption contact time was determined based on the contact time that gives the highest adsorption percentage. The optimum adsorption contact time was then used in the next stage.
Correlation of M(II) Concentration and the Adsorption Capacity
Series of 25 mL Mn 2+ , Cu 2+ , and Zn 2+ solutions in various concentration (20, 40, 80 , and 200 ppm) were prepared in a 100 mL Erlenmeyer flask at optimum pH. Into each solution, 0.1 g chitosan-silica was added and the solution was shaken using automatic shaker at room temperature with a rate of 125 rpm at optimum adsorption contact time obtained in the previous stage. Next, the solution was filtrated using Whatman paper no 41. A 1 mL filtrate was transferred and diluted with water into 10 mL in a volumetric flask. This solution is then used for AAS analysis to determine the concentration of the metal ion after adsorption. This procedure was performed three times for each concentration. The correlation of M(II) concentration (ppm) and the adsorption capacity (mg/g) is presented in a graph with the former as the xaxis and the latter as the y-axis.
Calculation
The adsorption percentage was calculated based on equation 1, where Co is the initial concentration before the adsorption and Cs is the concentration after the adsorption. The adsorption capacity was calculated using equation 2, where V is the solution volume in Litre and W is the chitosan-silica adsorbent mass in gram.
Detection Method
In this work, pH-meter (Mettler Toledo bench-top), drying oven (Memmert), Scanning Electron Microscopy (SEM-Inspect-S50), Fourier-Transform Infrared Spectroscopy (FTIR-8400S) and Atomic Adsorption Spectroscopy (AAS-Shimadzu AA600) were used. FTIR sample was prepared in KBr pellet and the analysis was conducted at 4000-500 cm -1 . Mn 2+ , Cu 2+ and Zn 2+ samples for AAS were analysed using cathode hollow tube lamp with wavelengths of 228.8 nm, 248.3 nm, and 213.6 nm, respectively. All works were conducted at room temperature and were mostly done in the Inorganic Chemistry Laboratory of Chemistry Department, Brawijaya University, Indonesia, and the factual room temperature during the batch-adsorption process was recorded around 25-30°C.
RESULTS AND DISCUSSION

Preparation and Characterization of Chitosan-Silica
The chitosan-silica used in this work was prepared by sol-gel method, as also reported by Budnyak, 13 Lalchhingpuii, 15 Lai, 24 and Naat, 25 except they used a different source of silica. In our work, the chitosansilica was obtained through the hydrolysis of sodium metasilicate in chitosan solution and gives a reasonably good yield. This is because both chitosan and silica were pure chemical grade, different to those reported by Hanandayu, 17 Sumarni, 18 and Mahatmanti, 19 which utilize silica freshly prepared from rice husks. The purity of the precursor affects the quality of the chitosan-silica in which purer chitosansilica contains fewer impurities, and thus increases the adsorption ability of the adsorbent. Sodium metasilicate is also economically affordable. The silica is attached to the chitosan via ionic interaction between the chitosan ammonium (-NH 3 + ) groups and the silica silanol (Si-O -) groups. Moreover, hydrogen bonding may also be formed between the chitosan carbonyl (C=O) groups and the silica hydroxyl (-OH) groups. The adsorption of the metal ion by the chitosan-silica expected to occur through physical (pores of silica) and chemical interactions (functional groups and chelating effect of the adsorbent, ionic charge, and/or HSAB interactions). The chitosan-silica was characterized by FTIR and SEM before it was used for adsorption. FT-IR spectra of chitosan-silica is presented in Fig.-2 , whereas SEM image of chitosan-silica is shown in Fig.-3 . FT-IR analysis showed that the chitosan-silica spectra have characteristic peaks as expected in which some of these functional groups may involve in the adsorption, namely broad O-H stretch band at 3451.2 cm -1 , sp 3 C-H stretch peak at 2947.8 cm -1 , C=O stretch at 1647.3 cm -1 , C-O-C stretch at 1555.3 cm -1 , Si-O-Si and aliphatic Si-O-C stretch at 1094.3 cm -1 , and Si-OH stretch at 972.8 cm -1 . Meanwhile, the SEM image of the chitosan-silica shows that the adsorbent has a rough surface and irregular block shapes. These results, both FT-IR spectra and SEM image, are identical to those chitosan-silica reported previously. 13, 25 
Determination of Optimum pH
The solution pH is crucial in adsorption of metal ion and is the first step to optimi process. This is due to the pH level govern the ionic species distribution in the solution as well as the presence and stability of functional or active groups of the adsorbent. In this work, the adsorption was done in an acid condition (pH 3-6) to avoid precipitation of the metal ions. Moreover, high level of acid in the solution (pH below 3) will initiate functional groups on the adsorbent and decreasing the adsorption abil reaction of chitosan-silica in a very high level of acid (low pH) will also dissolve the adsorbent into the solution as the adsorbent could be ioni The effect of pH in adsorption of Mn general, the optimum pH of M(II) adsorption by chitosan adsorption percentage was shown by Cu percentages (%) of Cu 2+ , Mn 2+ and Zn respectively. The adsorption percentages of all ions are increased steadily from pH 3 to 5 as the concentration of H + in the solution declines. protonation of some of the adsorbent functional groups, hence some functional groups on the adsorbent surface turn into a positive charge. This positive charge resulting in repulsion between the metal ions and the adsorbent, and as a result, only a The adsorption percentage of Cu 2+ is about 14% higher than that of Mn of Zn 2+ . The metal ion adsorption may take place due to interaction with the functional groups on the adsorbent surface and/or trapped by the adsorbent pores of the silica cross has a neutral charge in those pHs. In other words, ionic interactions between the adsorbent and the metal ions may not be occurred or have an According to HSAB concept, 23 most of the functional groups on the a hard base, such as the carbonyl (C=O), oxide ( are expected to have interaction or and borderline acid Cu 2+ will likely form a stronger interaction with the adsorbent than the soft acid Zn If only HSAB concept is applied, hard interaction or bond. Moreover, the size of metal ion may also the biggest size compared to Mn 2+ silica pores. Since the size of Mn 2+ , Cu of metal ions toward the adsorption percentage in this work is indicates that the chitosan-silica is better adsorbent for hard and/or borderline acid metal ions. adsorption for soft acid such as Zn 2+ as nitrile or sulphide groups. This optimum pH is then used in the next stage. The solution pH is crucial in adsorption of metal ion and is the first step to optimi pH level govern the ionic species distribution in the solution as well as the presence and stability of functional or active groups of the adsorbent. In this work, the adsorption was 6) to avoid precipitation of the metal ions. Moreover, high level of acid in the solution (pH below 3) will initiate the further reaction with the chitosan-silica, thus affecting the functional groups on the adsorbent and decreasing the adsorption ability of the adsorbent. A further silica in a very high level of acid (low pH) will also dissolve the adsorbent into the solution as the adsorbent could be ionized at very low pH. The effect of pH in adsorption of Mn 2+ , Cu 2+ , and Zn 2+ by chitosan-silica is presented in Fig.  general , the optimum pH of M(II) adsorption by chitosan-silica was reached at 5, in which the highest adsorption percentage was shown by Cu 2+ , followed by Mn 2+ and Zn 2+ , successively. The adsorption and Zn 2+ at pH 5 were 84.98 ± 0.06, 73.04 ± 9.56, and 47.46 ± 0.66, respectively. The adsorption percentages of all ions are increased steadily from pH 3 to 5 as the in the solution declines. The high concentration of H + (low pH) in the solution causes protonation of some of the adsorbent functional groups, hence some functional groups on the adsorbent positive charge. This positive charge resulting in repulsion between the metal ions and a few amounts of metal ions in the solution were adsorbed. 4 : Effect of pH in the Adsorption of Mn 2+ , Cu 2+ , and Zn 2+ by Chitosan-Silica.
is about 14% higher than that of Mn 2+ and about 90% higher than that . The metal ion adsorption may take place due to interaction with the functional groups on the adsorbent surface and/or trapped by the adsorbent pores of the silica cross-links because chitosan arge in those pHs. In other words, ionic interactions between the adsorbent and the metal an insignificant effect. most of the functional groups on the adsorbent surface are grouped as a ase, such as the carbonyl (C=O), oxide (-O-), and hydroxyl (-OH) groups. These functional groups are expected to have interaction or to form a coordination bond with metal ions. Hence, hard acid Mn will likely form a stronger interaction with the adsorbent than the soft acid Zn only HSAB concept is applied, hard-hard or soft-soft interactions are preferable and form stronger Moreover, the size of metal ion may also have a role in the low adsorption of Zn 2+ , in which the Zn and Cu 2+ . Big size ions may not fit or trapped firmly in the chitosan , Cu 2+ , and Zn 2+ are insignificantly different, 22 the con of metal ions toward the adsorption percentage in this work is considerably minor. Therefore, this result silica is better adsorbent for hard and/or borderline acid metal ions. 2+ could be increased if the adsorbent is modified with groups. This optimum pH is then used in the next stage. The solution pH is crucial in adsorption of metal ion and is the first step to optimize the adsorption pH level govern the ionic species distribution in the solution as well as the presence and stability of functional or active groups of the adsorbent. In this work, the adsorption was 6) to avoid precipitation of the metal ions. Moreover, high level of acid in silica, thus affecting the ity of the adsorbent. A further silica in a very high level of acid (low pH) will also dissolve the adsorbent into the silica is presented in Fig.-4 . In silica was reached at 5, in which the highest , successively. The adsorption ± 0.06, 73.04 ± 9.56, and 47.46 ± 0.66, respectively. The adsorption percentages of all ions are increased steadily from pH 3 to 5 as the (low pH) in the solution causes protonation of some of the adsorbent functional groups, hence some functional groups on the adsorbent positive charge. This positive charge resulting in repulsion between the metal ions and of metal ions in the solution were adsorbed.
ilica.
and about 90% higher than that . The metal ion adsorption may take place due to interaction with the functional groups on the links because chitosan-silica arge in those pHs. In other words, ionic interactions between the adsorbent and the metal dsorbent surface are grouped as a OH) groups. These functional groups metal ions. Hence, hard acid Mn 2+ will likely form a stronger interaction with the adsorbent than the soft acid Zn 2+ . soft interactions are preferable and form stronger , in which the Zn 2+ has ig size ions may not fit or trapped firmly in the chitosanthe contribution of size minor. Therefore, this result silica is better adsorbent for hard and/or borderline acid metal ions. The could be increased if the adsorbent is modified with a soft base such
Determination of Optimum Contact T
Optimum contact time is needed in order to get a better result as well as time efficiency for the adsorption. When the contact time is too short, the adsorption may not reach its equilibrium and the adsorption results may not be optimum, whereas when the c saturated and further reaction may occur, hence the adsorption results may be unreliable. Longer time may also mean that the adsorbent may not have good time efficiency. In general, the highest adsorption percentage was shown by Cu successively, which is identical to increased from 15 to 75 minutes, the adsorption percentages for all ions were also increased steadily. significant increase was recorded for compared to that of 15 minutes. The optimum contact time for Mn percentages (%) of 65.60 ± 0.37 and 96.61 ± 0.12, respectively, 60 minutes with adsorption percentage (%) of 50.09 ± 1.20. Above 75 minutes, the adsorption percentage of Mn 2+ and Cu 2+ may or may not be increased. However, based on the amount of adsorbent and the M(II) concentration used in this work, contact time above 75 minutes was considered too long and was not investigated due to time inefficiency. Meanwhile minutes' show insignificant difference statistically with that of 6 for Zn 2+ adsorption is 60 minutes. 
Correlation of M(II) Concentration and the Adsorption C
Determination of Optimum Contact Time
Optimum contact time is needed in order to get a better result as well as time efficiency for the adsorption. When the contact time is too short, the adsorption may not reach its equilibrium and the adsorption results may not be optimum, whereas when the contact time is too long, the system could get saturated and further reaction may occur, hence the adsorption results may be unreliable. Longer time that the adsorbent may not have good time efficiency.
in the Adsorption of Mn 2+ , Cu 2+ , and Zn 2+ at pH 5 by Chitosan Effect of contact time in the adsorption of Mn 2+ , Cu 2+ , and Zn 2+ by chitosan-silica is presented in Fig. In general, the highest adsorption percentage was shown by Cu 2+ , followed by Mn successively, which is identical to the previous stage (optimum pH determination). As the contact time increased from 15 to 75 minutes, the adsorption percentages for all ions were also increased steadily. ignificant increase was recorded for Zn 2+ , and the adsorption percentage was doubled at 60 minute The optimum contact time for Mn 2+ and Cu 2+ adsorption was obtained at 75 minutes with adsorption percentages (%) of 65.60 ± 0.37 and 96.61 ± 0.12, respectively, whereas Zn 2+ adsorption was obtained at 60 minutes with adsorption percentage (%) of 50.09 ± 1.20. Above 75 minutes, the adsorption percentage may or may not be increased. However, based on the amount of adsorbent and the M(II) on used in this work, contact time above 75 minutes was considered too long and was not investigated due to time inefficiency. Meanwhile, for Zn 2+ , the adsorption percentage obtained at 75
show insignificant difference statistically with that of 60 minutes, thus the optimum contact time
Correlation of M(II) Concentration and the Adsorption Capacity
Upon optimizing two factors (pH and contact time), more reliable adsorption percentages were obtained ions. At this point, the adsorption capacities for all metal ions were calculated, which are , 15.46 ± 0.02 mg/g for Cu 2+ , and 5.01 ± 0.12 mg/g for Zn 2+ . The Cu highest adsorption capacity than the other ions since Cu 2+ has properties in between Mn Combination of both metal ion size and HSAB concept helps Cu 2+ trapped in the adsorbent pores firmly and creates stronger interaction with the functional groups within the chitosan-silica adsorbent , and Zn 2+ concentrations and their adsorption capacities is presented in the M(II) concentration, the higher the adsorption capacity obtained. However, upon increasing the M(II) concentration tenfold (10x) from 20 to 200 ppm, the raising which are about 19 times for Mn 2+ , 9 times for Zn 2+ . Surprisingly, at concentrations below 80 ppm, Cu 2+ has the highest adsorption capacity, . At concentrations above 80 ppm, the result was on the contrary, in which has the highest adsorption capacity, followed by Zn 2+ and Cu 2+ . At 80 ppm, the adsorption were considerably equal (about 12 mg/g). Optimum contact time is needed in order to get a better result as well as time efficiency for the adsorption. When the contact time is too short, the adsorption may not reach its equilibrium and the ontact time is too long, the system could get saturated and further reaction may occur, hence the adsorption results may be unreliable. Longer time by Chitosan-Silica. silica is presented in Fig.-5 . , followed by Mn 2+ and Zn 2+ , previous stage (optimum pH determination). As the contact time increased from 15 to 75 minutes, the adsorption percentages for all ions were also increased steadily. A , and the adsorption percentage was doubled at 60 minutes adsorption was obtained at 75 minutes with adsorption adsorption was obtained at 60 minutes with adsorption percentage (%) of 50.09 ± 1.20. Above 75 minutes, the adsorption percentage may or may not be increased. However, based on the amount of adsorbent and the M(II) on used in this work, contact time above 75 minutes was considered too long and was not , the adsorption percentage obtained at 75 0 minutes, thus the optimum contact time Upon optimizing two factors (pH and contact time), more reliable adsorption percentages were obtained ions. At this point, the adsorption capacities for all metal ions were calculated, which are . The Cu 2+ gives the has properties in between Mn 2+ and Zn 2+ . trapped in the adsorbent pores firmly adsorbent. apacities is presented in adsorption capacity obtained. m 20 to 200 ppm, the raising 2+ , and only 5 times has the highest adsorption capacity, contrary, in which . At 80 ppm, the adsorption This trend indicates that both metal ion size and HSAB concept have a role on the adsorption capacity when low metal ion concentration was used, which is also observed during the determination of optimum pH and contact time. On the other hand, upon using high meta HSAB concept has a more dominant effect on the adsorption capacity since stronger interactions ar preferably formed between hard acid Mn As mentioned earlier in the introduction, this work is an initial stage on the development of chitosan silica as an adsorbent for transition and/or heavy metal ions. The two fact discussed in this paper are crucial and indeed affecting the adsorption of Mn chitosan-silica adsorbent at room temperature. Th prospect of using chitosan-silica for adsorption of transition metal and/or heavy metal ions in solution waste. However, the adsorption capacities of all metal ions obtained in this work are not final yet and can still be increased. There are other influential factors that ha adsorption capacity, such as temperature, adsorbent concentration, metal ion concentration, shaking rate, etc. These factors will be investigated and explored in details functionalization of the chitosan-silica active groups, as well as using other transition/heavy metal ions and/or mixed metal ions solution to study the chitosan Chitosan-silica was successfully made using sol Mn 2+ , Cu 2+ , and Zn 2+ at room temperature. The FTIR and SEM analyses confirmed that the adsorbent has functional groups, shape, and surface morphology as expected and w reported previously. The highest adsorption capacity was obtained by Cu The optimum pH for Mn 2+ , Cu 2+ and Zn Mn 2+ and Cu 2+ adsorption was obtained at 75 minutes with adso 15.46 ± 0.02 mg/g, respectively, whereas Zn capacity of 5.01 ± 0.12 mg/g. It is suggested that due to Cu 2+ gives the highest adsorption capacity than that of Mn still be increased by incorporating other influential factors. Optimum adsorption capacities for all transition metal ions, based on optimum pH and contact time only, his work due to the graph (Fig.-6) has not yet reached an optimum point, as the graph remains increased until 200 ppm. The adsorption capacity is the maximum ability of the adsorbent to absorb a soluble suspension. Determination of optimum adsorption capacity of chitosan variation of metal ion concentrations (20-200 ppm) . For future works, the optimum adsorption capacity can be determined upon increasing the M(II) concentration above 200 ppm until the graph ptimum point (or relatively flat line) and the data are tested statistically. As mentioned earlier in the introduction, this work is an initial stage on the development of chitosan adsorbent for transition and/or heavy metal ions. The two factors (pH and contact time) discussed in this paper are crucial and indeed affecting the adsorption of Mn 2+ , Cu silica adsorbent at room temperature. This result gives baseline information of the future ca for adsorption of transition metal and/or heavy metal ions in solution waste. However, the adsorption capacities of all metal ions obtained in this work are not final yet and can still be increased. There are other influential factors that have not been incorporated that may increase the adsorption capacity, such as temperature, adsorbent concentration, metal ion concentration, shaking rate, . These factors will be investigated and explored in details in future works, including possible silica active groups, as well as using other transition/heavy metal ions and/or mixed metal ions solution to study the chitosan-silica selectivity and recovery. CONCLUSION silica was successfully made using sol-gel method and used as an adsorbent for adsorption of at room temperature. The FTIR and SEM analyses confirmed that the adsorbent has functional groups, shape, and surface morphology as expected and was identical to related chitosan previously. The highest adsorption capacity was obtained by Cu 2+ , Mn 2+ , and Zn and Zn 2+ adsorptions was reached at 5. The optimum contact time for adsorption was obtained at 75 minutes with adsorption capacities of 6.56 ± 0.04 mg/g and 15.46 ± 0.02 mg/g, respectively, whereas Zn 2+ adsorption was obtained at 60 minutes with capacity of 5.01 ± 0.12 mg/g. It is suggested that due to the combination of ionic size and HSAB concept, gives the highest adsorption capacity than that of Mn 2+ and Zn 2+ . These adsorption capacities may still be increased by incorporating other influential factors.
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